Abstract: Effect of hot and cold dust charge on the propagation of dust-acoustic waves (DAWs) in unmagnetized plasma having electrons, singly charged ions, hot and cold dust grains have been investigated. The reductive perturbation method is employed to reduce the basic set of fluid equations to the Korteweg-de Vries (KdV) equation. The effect of cold (hot) dusty plasma density n c (n h ) and the charge numbers for negatively charged cold (hot) dust Z c ( Z h ) on the nature of DAWs are discussed.
Introduction
Dusty plasmas or complex plasmas are plasmas containing normal electron-ion plasma with an additional highly charged component of small micron or submicron sized extremely massive charged particulates dust grains. This state of plasma is ubiquitous in the universe, e.g., in interstellar clouds, in interplanetary space, in cometary tails, in ring systems of gaint planets( like Saturn F-ring's), in mesopheric noctilucent clouds, as well as in many Earth bound plasma, see for instance [1, 2] . Other applications range from astrophysics to strongly coupled dusty plasmas and dusty plasma crystals to technology plasma etching and deposition [3] [4] [5] [6] . In a dusty plasma, the dust grains may be charged negatively by plasma electron and ion currents or positively by secondary electron emission, UV radiation, or thermionic emission etc [7] . Due to the higher thermal velocity of electron than ion, the dust grains usually acquire a negative charge in low temperature laboratory dusty plasma [8] . However, in a laboratory Q machine plasma, positively charged dust grains may be produced by replacing the plasma electrons with negative ions whose thermal velocity is smaller than that of positive ions [9] . From theoretical perspective, Chow et al. [10] have shown that due to the size effect on secondary emission insulating dust grains with different sizes in space plasmas can have the opposite polarity (smaller ones being positive and larger ones being negative). This is mainly due to the fact that the excited secondary electrons have shorter (longer) distances to travel to reach the surface of the smaller (larger) dust grains. So it is easy to say that dust grains of different sizes in many circumstances can acquire different polarities, large grains becoming negatively charged and small grains positively charged. such differences in sign of the charge on the dust grains can greatly modify the proporties of the plasma. Therefore, it is so important and interesting to deal with the dust plasma systems if in addition to the electrons and ions, there are two types of dust particles with different masses, charges and temperatures. Consquently, there will be two basic dust-acoustic modes propagating with two different velocities. It means that the linear and nonlinear waves will become interesting and may have many application in space and astrophysical plasmas. For example, Rao et al [11] and ; Mamun et al. [12] studied a hot non-thermal dusty plasma consisting of a hot dust fluid and a non-thermally distributed ion, and studied the effects of the dust fluid temperature and the non-thermal distribution of ions on the arbitrary amplitude compressive (density hump) and rarefactive (density dip) electrostatic solitary structures that have been found to coexist in such a non-thermal dusty plasma model. Sakanaka and Shukla [13] derived the Sagdeevs pseudopotential for dust acoustic waves (DAWs) in an unmagnetized four component dusty plasma and studied the coexistence of both soliton and DA double layers (DLs). Also, the DASW and DIASW have also been investigated in the presence of hot dust in unmagnetized plasmas [14, 15] . In most of the previous investigations of DAW, the dust has been assumed to be cold or hot. Recently, Akhtar et al. [16] , derived the Sagdeevs pseudopotential for dust acoustic waves (DAWs) in an unmagnetized two types of dust fluids ( one cold and the other is hot) in the presence of Boltzmannian ions and electrons, and studied the existence of rarefactive solitons. The major topic of this work is to study the effect of hot and cold dust charge grains on the formations of both rarefactive and compressive solitons for a small amplitude dust acoustic waves (DAWs). This paper is organized as follows. Section 2 contains the basic set of governing equations. The derivation of Korteweg-de Vries KdV equation as well as the soliton solutions are discussed in Sec. 3. Finally, conclusion are given in Secs. 4.
Basic Equations
We consider a homogeneous unmagnetized plasma having electrons, singly charged ions, hot and cold dust species. The electrons and ions are assumed to follow the Boltzmann distributions with T e , T i T dh where T e , T i are the temperatures of the electrons and ions, respectively and T dh is the temperature of hot dust. The hot dust is assumed to be heated adiabatically. The one-dimensional continuity and momentum equations for cold dust, respectively, are,
where γ = (N + 2)/N , and N is the number of degrees of freedom. The present work N = 1 , and hence γ = 3 and P h0 = n h0 T h . The Boltzmann distributed electrons and ions follow the density equations, respectively, as,
The Poisson equation can be written as,
In equilibrium we have,
In the earlier equations n c (n h ) is the cold (hot) dusty plasma density normalized by equilibrium value n c0 (n h0 ) and u c (v h ) is the cold (hot) dusty plasma density normalized by fluid velocity normalized by
, φ is the electric potential, Z h and Z c are the charge numbers for negatively charged hot and cold dust, respectively.
Derivation of the KdV Equation
According to the general method of reductive perturbation theory, we introduce the slow stretched co-ordinates [17] :
where ε is a small dimensionless expansion parameter measuring the strength of nonlinearity and λ is the wave speed normalized by C e . All physical quantities appearing in (1) are expanded as power series in ε about their equilibrium values as:
We impose the boundary conditions that as |x| → ∞,
Substituting (3) and (4) into (1)and (2), and equating coefficients of like powers of ε. Then, from the lowest-order equations in ε , the following results are obtained:
Poisson's equation gives the linear dispersion relation
Proceeding to order of ε 2 , and by Elimination the second order perturbed quantities n c2 , n h2 , u c2 , v h2 and φ 2 we obtain the the desired KdV equation for the first-order perturbed potential:
where
A stationary solitary wave solution of the KdV equation can be obtained by transforming the space variable to:
where v is an arbitrary parameter similar to Mach number which allows the possibility of solitons moving with velocities different from the phase velocity of the wave, by imposing the boundary conditions for localized perturbations, viz. φ 1 = 0 ,
= 0, and dφ 1 dη 2 = 0 for η → ±∞. Thus, the steady state solution of (8) can be expressed as
Our system can support two kinds of potential structure namely, compressive and rarefactive pulses. Depending on the sign of the coefficient of the nonlinear term ( AB ), compressive soliton exists if AB > 0 while rarefactive soliton exists if AB < 0 . However, one can find that for
, the amplitude of the solitary pulse tends to infinity and the KdV equation is not appropriate for describing the system. This situation will discuss in the next section.
Numerical Results and Discussion
Nonlinear DAWs in a homogeneous unmagnetized plasma having electrons, singly charged ions, hot and cold dust grains have been investigated. we have assumed that the effect of gravity in the system is neglected ( r d << 1 ) as well as there are no neutrals. Saturn F-ring's are one of the space plasma observations that satisfy our conditions: (i) there are no neutrals, (ii) the ratio between the inter-grain distances between dust particles to plasma Debye radius is less than one, (iii) coupling parameter Γ is less than one, and (iv) r d is smaller than 1μm . Hence, numerical studies have been made using plasma parameters close to those values corresponding to Saturn F-ring's i.e., the equilibrium electron and dust densities are n e0 = 10 cm [ 16, [18] [19] [20] . Generally speaking, the present system supports compressive and rarefactive soliton and shock waves. However, since one of our motivations was to study effects of the cold (hot) dusty plasma density n c (n h ) on the formation of solitary waves, we have studied the effect of parameters like the charge numbers for negatively charged hot and cold dusty grains on the existance of solitary waves. Fig.1 
Conclusions
In this work, we have investigated the properties of nonlinear DAWs in a unmagnetized plasma having electrons, singly charged ions, hot and cold dust grains. The reductive perturbation method has been used to reduce the basic set of fluid equations to the well-known KdV equation. We have shown that the presence of cold (hot) dusty plasma density n c (n h ) and the charge numbers for negatively charged cold (hot) dust Z c ( Z h ) do not only modify the basic properties of the dust acoustic solitary potential structures, but also causes two different potential profiles, namely compressive and rarefactive pulses. It is seen that there is a certain value that the hot dusty plasma density n h0 reaches to the so-called critical density value, where the KdV equation cannot describe the propagation of the solitary pulse. We inject to that the analytical model demonstrated here can provide a useful basis for the interpretation of recent observations of solitary wave in dusty plasma environments. For example, the results presented may be applicable to dusty plasma existing in Saturn F-ring's region. 
